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(54) Wireless system and method to improve efficiency of a slave-to-slave communication in a 
master-slave configuration 



(57) A wireless communication apparatus, a wire- 
less communication system employing the same and a 
control method thereof. When the wireless communica- 
tion apparatus (30) is operated as a master device, the 
wireless communication apparatus includes a trans- 
ceiving unit (31 ) for receiving and transmitting data ex- 
ternally, and a controller (33) for analyzing a destination 
of a packet received for a certain period of time, detect- 
ing an amount of slot usage according to the destination, 
selecting a temporary master device according to the 
amount of slot usage, and transferring role of a master 
to the selected temporary master device. Accordingly, 
wireless sources can be efficiently used, and at the 
same time, peer-to-peer communication can be earned 
out among devices acting as slaves. 
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Description * • — 

[0001] The present invention relates to a wireless 
communication apparatus, a wireless communication 
system employing the same and a control method there- 
of that uses a slot efficiently and enables commun ication 
between slave devices by selecting a temporary master 
device according to an amount of slot usage in the wire- 
less communication apparatuses that are connected to 
the wireless communication system. 
[0002] Figure 1 shows the structure of a Piconet in a 
typical Bluetooth communication system. 
[0003] Referring to Figure 1 , the Bluetooth communi- 
cation system has a plurality of slave devices S1 0, S20, 
S30 and S40 connected to one master device M10. 
Such a network, i.e., a network in which at least one 
slave device such as S10, S20, S30 and S40, is con- 
nected to one master M10, is called a Piconet. In the 
Piconet, a maximum of seven slave devices in an active 
state can be connected to the master device M10. 
[0004] In the Piconet, the master device M1 0 and the 
slave devices S10, S20, S30 and S40 communicate 
through packets. Figure 2(a) shows the structure of a 
conventional packet which is transmitted in the Piconet 
shown in Figure 1 , and Figure 2(b) shows a header por- 
tion of the packet of Figure 1 in greater detail. 
[0005] The current Bluetooth communication method 
employs a master driven TDD (Time Division Duplex) 
type, system in which the master device transmits a 
packet designating a specific slave device, from a group 
of slave devices. The specific slave device subsequent- 
ly transmits a data recorded packet to the master device 
as a response. Since the communication is earned out 
only between the specific slave device and the master 
device, the other slave devices cannot communicate 
with each other. 

[0008] Therefore, several methods have been pro- 
posed to enable inter-slave communication, namely, 
peer-to-peer communication between slave devices. 
[0007] One conventional method is a master-slave 
switching method. This method is performed between 
the master device and the slave device such that one of 
the slave devices acts as the master device thereby en- 
abling communication with the other slave devices. 
[0008] Another method is a destination address re- 
cording method, in which an address of a destination 
slave to which the packet should be finally sent, is re- 
corded in an AM_ADDR (Active Member Address) part 
of the packet header area, and an address of a slave 
device which transmits the packet is recorded in a pay- 
load area of the packet. 

[0009] Figure 3 shows an example of the packet ac- 
cording to the destination address recording method. 
When one slave device sends an address of another 
slave device, desired for communication as recorded in 
the destination address, the master device analyzes the 
destination address of the received packet and trans- 
mits the packet to the corresponding destination. Ac- 



cordingly, peer-to-peer communication "is perfo'rmecT' 
among the slave devices, albeit via the master device. 
[0010] According to the destination address recording 
method, the master device analyzes and sends the re- 

5 ceived packets to the destination slaves every time the 
master device receives the packets. However, because 
communication among the slave devices is frequently 
carried out this method of slave to slave communication 
is time consuming and it wastes packets. This is be- 

10 cause the destination address recording method re- 
quires more packets than are required for the commu- 
nication between the slave and master devices. 
[0011] The present invention is proposed to improve 
the foregoing problems associated with peer-to peer 

*5 communication. It is, therefore, an aim of the present 
invention to provide a wireless communication appara- 
tus capable of supporting efficient peer-to-peer commu- 
nication. 

[0012] According to a first aspect of the present inven- 

20 rjon there is provided a wireless communication appa- 
ratus comprising: a transceiving unit for receiving and 
transmitting data; and a controller for analyzing a desti- 
nation of a packet received for a certain period of time, 
detecting an amount of slot usage according to the des- 

25 rj nation, selecting a temporary master device according 
to the amount of slot usage, and transferring a role of 
master to the selected temporary master device. 
[001 3] Preferably the apparatus comprises a memory 
for storing the amount of slot usage of the wireless com- 

30 munication apparatus. 

[0014] Preferably, the wireless communication appa- 
ratus is operated as a master device. 
[0015] Preferably, the controller selects the temporary 
master device that corresponds to the destination hav- 

35 ing the largest amount of slot usage. 

[0016] Preferably, the controller continuously acts as 
a master device for a certain period of time if the con- 
troller has the largest amount of slot usage. 
[0017] Preferably, the controller is connected to a host 

40 via a communication interface. 

[0018] According to a second aspect of the present 
invention there is provided a wireless communication 
system comprising: a master device for analyzing a des- 
tination of a packet , detecting an amount of slot usage 

45 according to the destination, selecting a temporary mas- 
ter device according to the amount of slot usage, and 
transferring a role of master to the selected temporary 
master device; and at least one slave device connected 
with the master device, if selected as the temporary 

so master device, the slave device taking the role of master 
from the master device and acting as the temporary 
master device for a predetermined period of time. 
[001 9] Preferably, the master device selects the tem- 
porary master device that corresponds to a destination 

55 having the largest amount of slot usage. 

[0020] Preferably, the temporary master device con- 
tinuously maintains the role of master device for the pre- 
determined period of time if the master device is the de- 
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vice that has the largest aniouhf of slot usage. 
[0021] According to a third aspect of the present in- 
vention there is provided a control method of a wireless 
communication system having a master device and at 
least one slave device connected with the master de- 
vice, the method comprising the steps of: (a) in the mas- 
ter device, analyzing a packet received for a period of 
time and detecting an amount of slot usage according 
to a destination; and (b) in the master device, selecting 
a temporary master device according to the amount of 
slot usage and transferring a role of master to the se- 
lected temporary master device. 
[0022] Preferably, the step (b) comprises selecting 
the temporary master device that corresponds to a des- 
tination having the largest amount of slot usage. 
[0023] Preferably, the master device continuously 
maintains the role of master device for a certain period 
of time if the master device is the device that has the 
largest amount of slot usage in the step (b). 
[0024] According to a fourth aspect of the present in- 
vention there is provided a control method of a wireless 
communication system having a master device and at 
least one slave device connected with the master de- 
vice, the method including: (a) having the master device 
(M1 0) operable to analyze a packet received for a period 
of time and detecting an amount of slot usage according 
to a destination; and (b) in the master device, selecting 
a temporary master device according to the amount of 
slot usage and transferring a role of master to the se- 
lected temporary master device. 
[0025] Preferably, step (b) comprises selecting the 
temporary master device that corresponds to a destina- 
tion having the largest amount of slot usage. 
[0026] Preferably, the master device is operable to 
continuously maintain the role of master for said period 
of time if the master device is the device that has the 
largest amount of slot usage in (b). 
[0027] According to a fifth aspect of the present inven- 
tion there is provided a wireless communication method 
for selecting a temporary master device, the wireless 
communication method comprising the steps of: (a) in- 
itializing a number of slot usage according to slave de- 
vices and a switching period; (b) receiving a packet from 
the slave devices connected to a Piconet, and increas- 
ing the number of slot usage according to a destination 
recorded in the packet; (c) determining whether or not 
a switching period has passed as wireless communica- 
tion apparatuses mutually senoVrecerve a plurality of 
packets;(d) selecting a certain device which has the 
largest number of slot usage and making the certain de- 
vice a temporary master device; and (e) determining 
whether or not the certain device, selected to be the tem- 
porary master device, is a current master. 
[0028] Preferably, if it is determined that the certain 
device selected to be the temporary master device is a 
current master, steps (a) through (e) are repeated. 
[0029] Preferably, if it is determined that the certain 
device selected to be the temporary master device is 



not a current master, transferring a role of master from 
a master device to the temporary master device through 
master-slave switching. 

[0030] For a better understanding of the invention, 
5 and to show how embodiments of the same may be car- 
ried into effect reference will now be made, by way of 
example, to the accompanying diagrammatic drawings 
in which: 

10 Figure 1 shows the structure of a Piconet in a con- 
ventional Bluetooth communication system; 

Figure 2(a) shows the structure of a conventional 
packet which is transmitted in the Piconet of Figure 
15 1; 

Rgure 2(b) shows a header area of Figure 1 in 
greater detail; 

20 Rgure 3 shows the structure of a packet according 
to a destination address recording method; 

Rgure 4 is a block diagram for showing a wireless 
communication apparatus according to the inven- 
ts tion; 

Rgure 5 is a flow chart for showing a process of 
selecting a temporary master when the wireless 
communication apparatus of Rgure 4 acts as a 
30 master; and 

Rgure 6 shows an example of a memory of Rgure 4. 

[0031] Referring to Rgure 4, the wireless communi- 
35 cation apparatus designated by 30 has a transceiving 
unit 31 , a memory 32 and a controller 33. 
[0032] The transceiving unit 31 processes a received 
signal such as an RF (Radio Frequency) signal and 
sends a transmission-intended packet to the outside. 
40 [0033] Memory 32 stores an amount of slot usage of 
the wireless communication apparatus connected to a 
Piconet. Rgure 6 shows an example of the memory 
shown in Rgure 4. 

[0034] Controller 33 is connected with host 50 through 
45 a communication interface. Here, the host 50 can be 
various communication terminals such as a notebook 
computer, a mobile telephone, a printer, or the like. 
[0035] The controller 33 processes a signal requested 
from the host 50, and a signal received via the trans- 
50 ceiving unit 31. 

[0036] Also, the controller 33 stores an amount of slot 
usage of the slave devices corresponding to a destina- 
tion, which is recorded in the packet received in the 
memory 32 via the transceiving unit 31 during one mas- 
55 ter-slave switching period. The controller selects the de- 
vice having the largest amount of slot usage as a tem- 
porary master device. 

[0037] The controller 33 performs a mutual master- 
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slave switching to transfer a role of a master to the se- 
lected temporary master device. Accordingly, the tem- 
porary master device acts as the master device during 
the next master-slave switching period. 
[0038] Here, controller 33 continuously acts as the 
master device for a certain period of time if controller 33 
is determined to be the one that has the largest amount 
of slot usage and is thus, selected as the temporary 
master device. 

[0039] Figure 5 illustrates a process of selecting the 
temporary master device in accordance with the present 
invention. The wireless communication apparatus 30, 
acting as the master, is applied to the Piconet to which 
a number of wireless communication apparatuses are 
connected. 

[0040] In step 502, the wireless communication appa- 
ratus 30 initializes the number of slot usage according 
to the devices and the switching period. Here, the mas- 
ter-slave switching period is a time for a mutual switch- 
ing between the master device and the slave device, 
which is checked as the wireless communication appa- 
ratus 30 starts to send/receive packets to/from other 
wireless communication apparatuses connected there- 
with. 

[0041 ] The wireless communication apparatus 30 act- 
ing as the master receives packets from the slave de- 
vices connected to the Piconet (step 504), and increas- 
es the number of slot for the wireless communication 
apparatuses (including itself) connected to the Piconet 
according to the destination recorded in the packet (step 
506). 

[0042] Here, the packet has a different number of 
slots according to the type of the packet. In other words, 
DM1 , DM3 and DM5 packets use 1 , 3 and 5 slots, re- 
spectively. 

[0043] For example, if the DM3 packet is received and 
the address of the master is recorded in the destination 
address of the packet, three (3) slots are accumulated 
in a master (M10) Item of the memory 32. 
[0044] Also, if the DM1 packet is received and the ad- 
dress of slave 1 is recorded in the destination address 
of the packet, one (1) slot is accumulated in slave 1 
(S1 0) item of the memory. 

[0045] Then, if the switching period ends as the wire- 
less communication apparatuses mutually send/receive 
the packets (step 508), one device having the largest 
number of slot usage is detected from the memory and 
selected as the temporary master device (step 510). 
[0046] In step 51 2, it is determined whether or not the 
device selected as the temporary master is the current 
master. 

[0047] If the device selected as the temporary master 
is not the current master, the master device and the de- 
vice selected as the temporary master perform the mas- 
ter-slave switching to transfer the role of master to the 
device selected as the temporary master (step 514). 
[0048] However, if the master selected as the tempo- 
rary master is the current master, the foregoing steps 



are repeated. 

[0049] According to the wireless communication sys- 
tem employing such a wireless communication appara- 
tus and the method thereof, the slot number is calculat- 

5 ed according to the device, and the role of master is 
transferred to the device having the largest slot number. 
Accordingly, the peer-to-peer communication can be 
carried out among the devices acting as the slave, and 
at the same time, the wireless source can be efficiently 

io used. 

[0050] It is apparent that the present invention is not 
restricted to the foregoing embodiment and can be mod- 
ified by those skilled in the art. Therefore, the scope of 
the invention is not limited to the scope of the detailed 

is description, but will be defined by the following claims. 
[0051 ] The reader's attention is directed to all papers 
and documents which are filed concurrently with or pre- 
vious to this specification in connection with this appli- 
cation and which are open to public inspection with this 

20 specification, and the contents of all such papers and 
documents are incorporated herein by reference. 
[0052] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings) , and/or all of the steps of any method or proo 

25 ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0053] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 

30 ings), may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 
pressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or similar features. 

35 [0054] The invention is not restricted to the details of 
the foregoing embodiment(s). The invention extends to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 

40 one, or any novel combination , of the steps of any meth- 
od or process so disclosed. 



Claims 

45 

1 . A wireless communication apparatus comprising: 

a transceiving unit for receiving and transmit- 
ting data (31); and 

so 

a controller (33) for analyzing a destination of 
a packet received for a certain period of time, 
detecting an amount of slot usage according to 
the destination, selecting a temporary master 
ss device according to the amount of slot usage, 

and transferring a role of master to the selected 
temporary master device. 
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2. The wireless communication apparatus of claim 1 , 
comprising a memory (32) for storing the amount of 
slot usage of the wireless communication appara- 
tus. 

3. The wireless communication apparatus of claim 1 
or 2, wherein the wireless communication appara- 
tus is operated as a master device. 

4. The wireless communication apparatus of claim 1 , 

2 or 3 wherein the controller (33) selects the tem- 
porary master device that corresponds to the des- 
tination having the largest amount of slot usage. 

5. A wireless communication apparatus of claim 1 , 2, 

3 or 4 wherein the controller (33) continuously acts 
as a master device for a certain period of time if the 
controller has the largest amount of slot usage. 

6. The wireless communication apparatus of any of 
claims 1 to 5, wherein the controller (33) is connect- 
ed to a host via a communication interface. 

7. A wireless communication system comprising: 

a master device (M1 0) for analyzing a destina- 
tion of a packet , detecting an amount of slot 
usage according to the destination, selecting a 
temporary master device according to the 
amount of slot usage, and transferring a role of 
master to the selected temporary master de- 
vice; and 

at least one slave device (S1 0,S20) connected 
with the master device, if selected as the tem- 
porary master device, the slave device taking 
the role of master from the master device and 
acting as the temporary master device for a pre- 
determined period of time. 

8. The wireless communication system of claim 7, 
wherein the master device (M1 0) selects the tem- 
porary master device that corresponds to a desti- 
nation having the largest amount of slot usage. 

9. The wireless communication system of claim 7 or 
8, wherein the temporary master device (Mt 0) con- 
tinuously maintains the role of master device for the 
predetermined period of time if the master device is 
the device that has the largest amount of slot usage. 

10. A control method of a wireless communication sys- 
tem having a master device and at least one stave 
device con nected with the master device, the meth- 
od comprising the steps of: 

(a) in the master device (M10), analyzing a 
packet received for a period of time and detect- 



ing an amount of slot usage according to a des- 
tination; and 

(b) in the master device, selecting a temporary 
s master device according to the amount of slot 

usage and transferring a role of master to the 
selected temporary master device (S10.S20). 

11. The control method of claim 10, wherein the step 
10 (b) comprises selecting the temporary master de- 
vice that corresponds to a destination having the 
largest amount of slot usage. 

1 2. The control method of claim 1 0, wherein the master 
15 device continuously maintains the role of master 

device for a certain period of time if the master de- 
vice is the device that has the largest amount of slot 
usage in the step (b). 

20 13. A control method of a wireless communication sys- 
tem having a master device and at least one slave 
device connected with the master device, the meth- 
od including: 

25 (a) having the master device (M1 0) operable to 

analyze a packet received for a period of time 
and detecting an amount of slot usage accord- 
ing to a destination; and 

30 (b) in the master device, selecting a temporary 

master device according to the amount of slot 
usage and transferring a role of master to the 
selected temporary master device. 

35 14. The control method of claim 13, wherein step (b) 
comprises selecting the temporary master device 
that corresponds to a destination having the largest 
amount of slot usage. 

40 15. The control method of claim 13, wherein the master 
device Is operable to continuously maintain the role 
of master for said period of time if the master device 
is the device that has the largest amount of slot us- 
age in (b). 

45 

16. A wireless communication method for selecting a 
temporary master device, the wireless communica- 
tion method comprising the steps of: 

so (a) initializing a number of slot usage according 

to slave devices (S10,S20) and a switching pe- 
riod; 

(b) receiving a packet from the slave devices 
55 (S1 0,S20) connected to a Piconet, and increas- 

ing the number of slot usage according to a des- 
tination recorded in the packet; 
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(c) determining whether or not a switching pe- 
riod has passed as wireless communication ap- 
paratuses mutually send/receive a plurality of 
packets; 

(d) selecting a certain device (S1 0) which has 
the largest number of slot usage and making 
the certain device a temporary master device; 
and 

(e) determining whether or not the certain de- 
vice, selected to be the temporary master de- 
vice, is a current master. 



17. The wireless communication method of claim 16, is 
wherein if it is determined that the certain device 
selected to be the temporary master device is a cur- 
rent master, steps (a) through (e) are repeated. 

18. The wireless communication method of claim 16, 20 
wherein if it is determined that the certain device 
selected to be the temporary master device is not a 
current master, transferring a role of master from a 
master device to the temporary master device 
through master-slave switching. 25 
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